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The Sanpodo NPAF motif is required for Numb-mediated
endocytosis but not Notch signaling regulation in Drosophila
Fabrice Roegiers, Diana Zitserman, Ilya Serebriiskii, Mark Andrake,
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FoxH1 mediates a Groucho-Smad-dependent transcriptional
switch for nodal signaling
Daniel S. Kesslera, Aaron B. Steinera,b, Christine D. Reida,
Sergey Yaklichkina, Qun Lua, Shouwen Wanga, Morgan Hennessy
aDepartment of Cellular and Developmental Biology, University
of Pennsylvania, Philadelphia, PA, USA
bRockefeller University, New York, NY, USA
Nodal, a member the TGFβ superfamily, is essential for diverse
developmental processes, and is implicated in congenital malforma-
tions and cancer. Nodal autoregulatory feedback potentiates signaling
activityand is counteractedbymultiple inhibitors of theNodal signaling
cascade,but themechanismsthat repressNodal transcriptionarepoorly
understood. Here we describe a novel transcriptional switch mechan-
ism for theNodal pathwaymediatedby FoxH1, a transcriptional effector
of the autoregulatory response to Nodal signaling. FoxH1 contains a
functional EH1 Groucho interaction motif essential for transcriptional
repression ofNodal and its target genes. At the endogenousNodal locus,
FoxH1occupancy of the autoregulatory enhancer recruits Grg4, and the
onset of Nodal signaling results in the recruitment of Smad2 and
displacement of Grg4. Our findings suggest that FoxH1 recruitment of
Groucho corepressor silences Nodal transcription and confers stringent
temporal and spatial control of Nodal pathway activity in vertebrate
germ layer formation and axial patterning.
doi:10.1016/j.ydbio.2009.05.357
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Nuclear localization of both intersectin isoforms (ITSN-S and
ITSN-L) is observed during Xenopus laevis development
Jamie N. Hadaca, Andrew E. Prendergasta,b, Judith M. Thorna
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Intersectin (ITSN) is awell conserved, multidomain adaptor protein
with known functions in endocytosis, exocytosis, and mitogenic
signaling processes. ITSN has two isoforms as a result of an alternative
splicing event. The short form (ITSN-S) contains two Eps15 homology
domains, a coiled-coil domain, and five Src homology 3 domains and is
found inallmammalian tissue types. Incontrast, the long isoform(ITSN-
L) is neural specific. In addition to the domains found in ITSN-S, ITSN-L
contains a C-terminal extension with a Pleckstrin homology domain, a
Dbl homology domain, and a calcium-binding domain.We determined
previously that ITSN shifts from the cytoplasm to the nucleus at stage 8
during Xenopus laevis development and later returns to the cytoplasm
after stage 20; key stages in early patterning and histogenesis. To better
understand this shift in subcellular distribution, we have investigated
isoform specific subcellular distribution during these stages. We have
determined from epifluorescent microscopy that ITSN-L is present in
these stages and the two isoforms (ITSN-S and ITSN-L) show similar
patterns in nuclear localization during development.
doi:10.1016/j.ydbio.2009.05.358
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Light activated modulation of protein activity (Lamp): A tool for
spatiotemporal control of signaling components in living embryos
Allison Morckela, Doug Youngb, Alex Deitersb, Nanette Nascone-Yodera
aMolecular Biomedical Sciences, College of Veterinary Medicine, North
Carolina State University, USA
bDepartment of Chemistry, North Carolina State University, USA
Small molecule inhibitors are valuable tools for elucidating protein
function during embryonic development. We previously showed that
small molecule inhibitors of Rho kinase perturb digestive tract
elongation in embryos of the frog Xenopus laevis, implicating Rho
GTPase signaling in the morphogenesis of the primitive gut tube.
Although such tools are effective for providing temporal control of
protein function, spatial control of such compounds would be of even
greater utility, and would facilitate finer resolution of the role of target
proteins in specific tissues. Here we describe a methodology for
achieving light-controlled activation of Rho kinase activity in a defined
region of the Xenopus embryo. We developed a photoactivatable Rho
kinase inhibitor that is locallyactivated in livingembryos byexposure to
ultraviolet light (UV) delivered via a fluorescent stereomicroscope. By
varying the concentrationof the cagedcompound towhich theembryos
are exposed prior to UV exposure, the length of time the embryos are
equilibrated in the compound,or the lengthof timethe regionof interest
is exposed to UV light, we can elicit localized elongation defects in
specific regions of the developing digestive tract with minimal non-
specific side effects to neighboring tissues. Our results suggest that
photoactivatable small molecules will be convenient tools for Light
ActivatedModulation of Protein activity in specific tissues and organs in
Xenopus and other transparent aquatic vertebrate embryos.
doi:10.1016/j.ydbio.2009.05.359
Program/Abstract # 331
Expression of CaMKII isoforms in human foetal and Danio rerio
neuroendocrine tissues
Annisa N. Chanda, Sophia E. Akbareiana, Iain R. Thompsona,
Richard M. Sharpeb, Alan S. McNeillyb, Imelda M. McGonnella,
Robert C. Fowkesa
aDepartmentVBS,RoyalVeterinaryCollege, RoyalCollegeStreet, London,UK
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Calcium/calmodulin-dependent protein kinases (CaMK) aremajor
effectors of calcium signalling, including the Wnt-calcium pathway.
CaMKs have been implicated in regulating pituitary hormone tran-
scription and the hypothalamic satiety pathway. However, spatiotem-
poral expression of the CaMKs is poorly documented and the role of
CaMKs inendocrinedevelopment is unknown.Therefore,wehaveused
human foetal tissue and the zebrafish embryo to examine the
expression of CaMKII in developing neuroendocrine tissues. Extensive
bioinformatic screeningof the zebrafish genome revealed 6 isoforms of
CaMKII. RT-PCR indicated expression of all 6 CAMKII isoforms in
zebrafish. We also detected 4 isoforms expressed in human foetal
pituitary tissue. RNA in situ hybridisation probes were prepared by
performing pGEM-T-Easy vector cloning. Wholemount in situ hybridi-
sation analysis of the zebrafish embryo was performed and sectional
analysis indicated expression of CaMKII isoforms in rostral, inter-
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mediate, caudal hypothalamus and pituitary tissue at 24 and 48hpf.
Expression was also seen in the postoptic commissure, optic chiasma,
otic vesicles, neural tube and extensively in brain tissue. Immunohis-
tochemistry also indicated expression of CaMKII within developing
zebrafish neuroendocrine tissues. These data strongly implicate the
CaMKII proteins in thedevelopmentof thehypothalamusandpituitary.
Supported by a Small Project Grant from the Society for Endocrinology.
doi:10.1016/j.ydbio.2009.05.360
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Zebrafish retinoic acid receptors function as context-dependent
transcriptional activators during axial patterning
Joshua Waxman, Deborah Yelon
NYU School of Medicine, New York, NY, USA
Retinoic acid (RA) signaling is used during patterning and organo-
genesis invertebrateembryos.At the transcriptional level,RAsignaling is
proposed to occur through a biphasic activator-repressor model. In the
absence of ligand, RA receptors (RARs) are thought to act as transcrip-
tional repressors. When RA binds to the RARs, they are converted to
transcriptional activators. However, this biphasic model, which is
derived primarily from cell culture studies, has not been tested in most
developmental contexts. Therefore,wewanted to better understand the
functional capabilities of zebrafish RARs during early development.
Surprisingly, we found that overexpression of zebrafish RARs does not
affect development nor sensitize embryos to RA treatment, despite the
ability of RARs to be strong transcriptional activators in a cell culture
reporter assay. Thus, it seems that RARs themselves are not limiting RA
signaling in the early zebrafish embryo and that other co-factors
contribute to RAR function. Consistent with this notion, hyperactive
RAR-VP16 fusionproteinscanovercomethese limitationsandectopically
activate the expression of endogenous RA target genes and a transgenic
RA signaling reporter. In contrast, zebrafish dominant negative RARs are
not able to act as transcriptional repressors in the early embryo, even
though theycanact as transcriptional repressors in acell culture reporter
assay. Therefore, ourstudies suggestamodel inwhich thezebrafishRARs
function primarily as context-dependent transcriptional co-activators.
Together with studies of RA signaling in tunicates, we propose an
evolutionary model of RAR function.
doi:10.1016/j.ydbio.2009.05.361
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Cell fate decisions and expanded progenitor niches in the
zebrafish patched2 retina
Yoni Bibliowicz, Jeffrey M. Gross
Section of Molecular Cell and Developmental Biology, Institute of Cell and
Molecular Biology, The University of Texas at Austin, TX, USA
The roles of theHedgehog pathway in controlling vertebrate retinal
development have been studied extensively; however, species- and
context-dependent findings have provided conflicting information. To
gain further insight into Hedgehog pathway function in the retina, we
have analyzed the retinal phenotypes in patched2 mutant zebrafish
embryos. Hedgehog signaling has previously been shown to control
differentiation and cell fate decisions by controlling the timing of cell
cycle exit. While patched2mutants possess more cells in their retinas,
all cell types, except for Müller glia, were present at identical ratios as
those observed in phenotypically wild-type siblings. Interestingly, a
reduction in differentiated Müller glia was accompanied by an
upregulation of GFAP, a marker for reactive glia, and coupled with
localized abnormalities in the vitreo-retinal interface. These pheno-
types are similar to ocular abnormalities found in human patients
suffering from Basal Cell Naevus Syndrome (BCNS), a disorder that has
been linked to mutations in the human PTCH gene, and point to the
utility of this mutant line as a model for the study of BCNS ocular
pathologies. In addition, our analysis of an over-proliferation pheno-
type at the ciliary marginal zone (CMZ) revealed that the number of
proliferating progenitors, but not the rate of proliferation, was affected
in patched2mutants. This finding suggests that, at least in this context,
the Hedgehog pathway may not affect cell cycle kinetics, but rather
regulates the size of the retinal progenitor niche in the CMZ.
doi:10.1016/j.ydbio.2009.05.362
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Uncovering the roles of BMP signaling duringmouse embryogenesis
Anna L. Javiera, LindaDoana,b, Ira Blitza, EdwinMonukia,b, KenW.Y. Choa
aDepartment of Developmental and Cell Biology, UC Irvine, USA
bPathology and Laboratory Medicine, UC Irvine, USA
Bone Morphogenetic Proteins (BMPs) are growth factors that
participate in highly conserved signaling modules and influence
various developmental processes. Previously, we reported the
identification of a conserved BMP-responsive element (BRE) that
has been identified in the regulatory regions of many Xenopus and
Drosophila genes (von Bubnoff et al., 2005; Yao et al., 2006). The BRE
reporter gene specifically responds to BMP2/4 but not to other
members of the TGF-b superfamily. We have recently generated a
new BRE-LacZ reporter mouse line from murine ES cells (E14 line)
that contains a single integrated copy of the BRE(7X)-LacZ transgene.
Many of the expression domains of our BRE-LacZ mice are consistent
with known BMP activity in development. However, it is clear that
our BRE reporter does not mark all sites of BMP signaling. Given the
various ways Smad proteins interact with gene promoters, this is not
surprising. What is unexpected is how well BRE-LacZ expression
marks BMP signaling in many organs and developing tissues,
suggesting that this BRE-dependent mode of BMP signal regulation
is an evolutionarily conserved process. We have also implicated a
vertebrate ortholog of the Drosophila zinc finger protein Schnurri as a
critical transcription factor in mediating BMP signaling via the BRE
site. We are therefore currently examining the roles of BRE sites and
Schnurri proteins in BMP signal transduction.
doi:10.1016/j.ydbio.2009.05.363
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Comprehensive analysis of molecular signals operating at the
medial fusion site of mouse palatal shelves
Yuji Taya, Kazuya Fujita, Yuuichi Soeno, Kaori Sato, Takaaki Aoba
Department of Pathol., Nippon Dental Univ., Tokyo, Japan
In mammalian palatogenesis, medial edge epithelia (MEE) of the
opposing secondary palatal shelves contact each other and give rise to
the midline epithelial seam (MES), which subsequently disintegrate
before the mesenchyme confluence. We focused on the molecular
regulation and associated gene expression profiles at three discrete
developmental stages, i.e., horizontal growth, contact and fusion of
MEE, and MES disintegration. Tissue specimens were dissected out of
the medial portion of palatal shelves of ICR mouse embryos at
E14.014.5. For comprehensive gene expression analysis, cDNA micro-
arraywas conducted anddatawas processedusingGeneSpring. To gain
further insight into the localizationof gene expression,wecollected the
MEE population uniquely from the shelves with the aid of a laser-
capture microdissection. The present microarray analysis unveiled
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